Members of our group recently identified a new tetracycline resistance gene, tet(W), in three genera of rumen obligate anaerobes. Here, we show that tet(W) is also present in bacteria isolated from human feces. The tet(W) genes found in human Fusobacterium prausnitzii and Bifidobacterium longum isolates were more than 99.9% identical to those from a rumen isolate of Butyrivibrio fibrisolvens.
The rapid increase in antibiotic resistance in human pathogenic bacteria is a major problem, particularly for nosocomial infections (5) . In the past, antibiotic resistance genes have primarily been described either in clinical pathogens or in antibiotic-producing microorganisms, and comparatively little work has been done on the incidence of antibiotic resistance in the commensal gut flora, either of humans or of animals. A new ribosome-protection-type tetracycline resistance (Tc r ) gene, tet(W), (GenBank accession no. AJ222769), was recently identified in the rumen anaerobe Butyrivibrio fibrisolvens and was also found in rumen isolates of Selenomonas spp. and Mitsuokella spp. and in one Mitsuokella isolate from a Japanese pig (1) . The high degree of homology between all of these tet(W) genes suggested that recent gene transfer events had resulted in the spread of the gene. tet(W) was shown to be chromosomally located in B. fibrisolvens and to transfer at frequencies of 10 Ϫ3 to 10 Ϫ5 per recipient between genotypically diverse B. fibrisolvens strains in vitro (10) . The translated product of tet(W) shares only 68% amino acid homology with Tet(O) and Tet(M) proteins (1) . Here, we describe for the first time the identification of tet(W) in anaerobic bacteria recovered from human feces.
Human fecal samples were resuspended in anaerobic 0.1 M sodium phosphate buffer (pH 7.2), and dilutions were plated out anaerobically either on M2GCS agar plates (6) containing 5 or 10 g of tetracycline per ml or in M2GCS roll tubes (2) containing 10 g of tetracycline per ml. Plates were inoculated in an anaerobic cabinet (55% CO 2 , 40% N 2 , and 5% H 2 ; Coy Laboratory Products Inc., Grass Lake, Mich.), and roll tubes were prepared under 100% CO 2 (2) . Cultures were incubated at 37°C.
For one sample from a middle-aged male receiving daily tetracycline treatment over a 10-year period, more than 99% of the 8.3 ϫ 10 10 colonies growing anaerobically were Tc r . Random colonies were picked from roll tubes and regrown in the presence of 10 g of tetracycline per ml. Total genomic DNA was purified (10) and amplified by PCR, either using degenerate primers which identify all ribosome-protection-type Tc r genes (1) or using a primer combination specific for tet(W) (tetW for [5Ј AAGCGGCAGTCACTTCCTTCC 3Ј] and tet2 [see reference 1]). All 14 of the colonies tested yielded a product with the degenerate Tc r primer set, while only one, isolate K10, yielded a product with primers specific for tet(W). Culturing of two additional samples from 25-year-old individuals who had not taken antibiotics for at least 10 years showed that less than 0.01% of the total anaerobic bacterial count was Tc r . Total genomic DNA purified from 3 of 20 Tc r colonies (F5, F8, and F10) from one individual yielded a PCR product when the primer set specific for tet(W) was used.
The PCR products obtained as described above were sequenced using the ABI 377 automated sequencing system and confirmed to be tet(W) products using a basic local alignment search tool search for database comparisons. This initial sequence analysis demonstrated that the tet(W) gene from the human isolates was very closely related to tet(W) genes from the rumen isolates (1). An extended region of the new tet(W) genes was amplified using primers corresponding to positions 165 to 185 and 2096 to 2113 in the database sequence AJ222769. Subsequent sequence analysis showed that the genes from K10 and F5 differed by a single nucleotide and, furthermore, differed by 0 or 1 nucleotides (nt), respectively, over 1,864 nt of the 1,917-nt coding sequence of the B. fibrisolvens tet(W) gene. Table 1 indicates the sequence divergence between the tet(W) genes we have identified so far. The degree of homology observed for tet(W) genes of diverse origin is much higher than that observed for other ribosome-protection-type Tc r genes and indicates that the gene has not evolved greatly following acquisition by the divergent host bacteria, which therefore implies that transfer events resulting in the spread of tet(W) have been recent. A survey done to compare tet(Q) genes from Bacteroides or Prevotella isolates of animal and human origin indicated that an internal 407-nt segment differed by up to 59 nt between different isolates (8) . Although this survey found that human isolates of Prevotella intermedia and Bacteroides fragilis contained tet(Q) genes which were identical across the region analyzed, the closest homology between genes from different hosts was 98%.
Bacterial isolates confirmed to contain tet(W) were partially characterized by Gram staining and by sequencing 16S ribosomal DNA fragments amplified by PCR using eubacterial primers (12) . Searches for homologous sequences in the database showed that the K10 isolate was related to Clostridium spp. and that the F5, F8, and F10 isolates were related to Bifidobacterium spp. Further identification at the Scottish Anaerobe Laboratory (University of Edinburgh) confirmed the identity of K10 as Fusobacterium prausnitzii and the identities of F5, F8, and F10 as Bifidobacterium longum. F. prausnitzii, unlike other Fusobacterium spp., is related to gram-positive bacteria (11) .
The genetic location of these closely related tet(W) genes from the different bacterial species was investigated. Total genomic DNA was purified from the human isolates F5, F8, and K10 and digested with EcoRI or BamHI. Hybridization of the resulting Southern blot to a 32 P-labeled tet(W) probe indicated that different fragments contain the gene in different species, the hybridizing bands ranging in size from 7 kb (B. fibrisolvens 1.230) to 12 kb (B. longum F8 [ Fig. 1]) . The tet(W) probe also recognized a second, faint BamHI fragment in F. prausnitzii. Attempts at PCR amplification using primers specific for regions of the transferable element TnB123O flanking tet(W) did not yield products with the human isolates. The extent of the homology and the mobility of tet(W) genes from the different isolates are currently being investigated.
The results described here indicate that the newly identified tet(W) gene is widespread among anaerobic commensal gut bacteria. The identification of the gene in F. prausnitzii, the fifth most dominant human colonic anaerobe (7), indicates that, as is the case with rumen isolates, tet(W) occurs in some of the most abundant members of the gut flora. From a recent survey it was inferred that tet(Q) could be the most common Tc r gene among anaerobic gram-negative bacteria (4), and the group conducting the survey also identified tet(Q) in grampositive bacteria for the first time. They also found, however, that a number of the Tc r isolates contain unknown Tc r genes. Some, perhaps many, of these unknown genes could prove to be tet(W).
The extremely high level of sequence identity between the tet(W) genes found in bacteria of different genera isolated from different hosts implies recent gene transfer events. Although the tet(W) gene is located on a highly mobile chromosomal element, TnB123O (10), in the B. fibrisolvens strain where it was first identified, the same mobile element does not appear to be present in all rumen isolates (1) or in human isolates that carry tet(W). Thus, the full range of mechanisms by which the tet(W) gene has spread remains to be elucidated. Interestingly, with the exception of B. fibrisolvens (DNA GϩC content of 36 to 41%), tet(W) generally seems to be associated with higher-GϩC-content bacterial species (Fusobacterium sp. GϩC content, 52 to 57%; B. longum GϩC content, 58%; Selenomonas sp. GϩC content, 54 to 61%; and Mitsuokella sp. GϩC content, 56 to 58%). tet(W) itself has a much higher GϩC content (53%) than most ribosome-protection-type tet genes (1), and this may be reflected in its host range.
The occurrence of almost identical Tc r genes in commensal bacteria from the animal and human gut is evidence of recent gene flow between these populations and leads to the important conclusion that obligate anaerobiosis is not a barrier to genetic exchange. The most likely route for transfer between hosts may be via intermediary facultative anaerobes that are capable of colonizing animals and man. Alternatively, it is also likely that transfer of obligately anaerobic gut bacteria between hosts occurs with sufficient frequency to mediate gene transfer events. It is of course impossible to conclude from the present evidence whether transfer of tet(W) has been predominantly to or from the human gut flora. This question is clearly central to the debate over the use of antibiotics as growth promoters in agriculture and the impact such use has on the clinical use of antibiotics in the treatment of human disease. Tetracyclines continue to be important as therapeutic antibiotics, but they are still employed in agriculture in many countries (3), making them overall the second most used group of antibiotics worldwide (9).
